Background and objectives: An anatomical site in the oral cavity can be used to trigger the jaw opening reflex in patients with pseudobulbar palsy who have difficulty opening the mouth. The site is located at the midpoint between the palatoglossal arch and pterygomandibular fold and medial to the retromolar pad. However, previous findings on the nerves innervating this particular area are inconsistent. Therefore, in this study, we carefully investigated the sensory nerves that innervate the area near the trigger point of the jaw opening reflex. Materials and methods: For the morphological investigation of sensory innervation in this area, in this study we exposed the cranial nerves in 26 halves of cadaver head and observed their distribution in soft tissue. Results: In all cases, several nerve fibers diverged anteroinferiorly from the lingual nerve located between its junction with the chorda tympani nerve and the junction with the communicating branch of the submandibular ganglion. These nerve fibers, thought to be the facial branches of the lingual nerve, innervated the mucosa in the vicinity of the palatoglossal arch, retromolar pad, and the lingual gingiva of the last molar which were near to the trigger point of the jaw opening reflex. Conclusion: The results suggest that the sensory nerve that induces the jaw opening reflex appears to be the branches to isthmus of fauces diverged from the lingual nerve. Key words: branch to the isthmus of fauces, lingual nerve, trigger point, jaw opening reflex, palatoglossal arch, retromolar pad
Introduction
Dysphagia, or deglutition disorders, due to stroke is caused by damage to the brain region that regulates deglutition. The deglutition center is located in the medulla oblongata, and the action of this center is believed to be enhanced by the corresponding brain area superior to the medulla oblongata. While dysfunction of this center causes bulbar palsy, deglutition disorders in patients with pseudobulbar palsy is due to damage to the brainstem superior to the medulla oblongata or cerebrum. The deglutition reflex is less likely to occur or occurs insufficiently in patients with bulbar palsy. In patients with the severe symptoms, deglutition is totally inhibited, thereby preventing them from drinking fluids or even deglutition of saliva. On the other hand, in patients with pseudobulbar palsy whose deglutition center in the medulla oblongata is intact, despite initial difficulty, once the deglutition reflex is initiated, a series of movements follow smoothly 1 .
Pseudobulbar palsy is frequently accompanied by higher brain dysfunction, such as dementia, aphasia, and agnosia. There are much greater numbers of patients with pseudobulbar palsy than those with bulbar palsy. Morphological study of the sensory nerve which induces jaw opening reflex 1 
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Repeating mouth opening movement in any form is beneficial not only for the recovery of muscular function, but also for oral cavity hygiene. In addition, the jaw opening reflex triggered by stimulation is followed by masticatory movement and deglutition, suggesting that proper application of the jaw opening reflex method will facilitate the recovery of eating and deglutition functions in patients with pseudobulbar palsy 8 .
However, because the jaw opening reflex is not always induced by stimulating the mucosa in the posterior region of the oral cavity, the exact mechanism involved in this reflex remains unclear. The trigger point is located midpoint between the palatoglossal arch and pterygomandibular fold and at the medial aspect of the retromolar pad 7 . Based on this anatomy, the candidate sensory nerves that innervate this area are (1) the branch to the isthmus of fauces of the lingual nerve, which is a branch of the mandibular nerve, and (2) the tonsillar branches of the glossopharyngeal nerve. However, previous reports are unclear or inconsistent on this point [9] [10] [11] [12] [13] [14] [15] [16] . Therefore, in this study, we carefully investigated the sensory nerves that innervate the area near the trigger point of the jaw opening reflex. 
Material and methods

Results
Innervation and branches of the lingual nerve
In the infratemporal fossa, the lingual nerve diverged as one branch of the mandibular nerve, and descended along the medial aspect of the lateral pterygoid muscle and the lateral aspect of the medial pterygoid muscle Fig.1) . The branches to isthmus of fauces together formed mesh networks and distributed to the mucosa near the palatoglossal arch, retromolar pad, and the lingual gingiva of the last molar ( Figs.2 and 3 ). There was no statistically significant difference between the number of right and left twigs (Paired t-test, Table1).
Tonsillar branches of the glossopharyngeal nerve
The tonsillar branches of the lingual branches, which was derived from the glossopharyngeal nerve, terminated near the lateral part of the tongue base and the mucosa around the palatal tonsil after innervating the base of the palatine tonsil. Nonetheless, in all cases, the area innervated by the tonsillar branches of the glossopharyngeal nerve was confined to the tonsillar fossa and did not spread in an anterolateral direction by passing the palatoglossal arch. 
Triggering of the jaw opening reflex in patients with dysphasia
Thermal-tactile-stimulation (TTS) is known as a therapeutic technique for patients with dysphagia 17, 18 .
This method involves touching or rubbing the palatoglossal arch or anterior faucial pillar with a cold probe prior to the swallowing. Cold temperature and dynamic mechanical deformation are two primary stimulus components of the TTS. It is hypothesized that the touch and cold stimulation increases oral awareness and provides an alerting sensory stimulus to the cerebral cortex and brainstem. Therefore, when the patient initiates the oral phase of swallowing, the pharyngeal phase will be triggered more rapidly. In individuals with reduced oral sensation, a cold stimulus seems to facilitate more rapid pharyngeal swallow elicitation.
However, over the years the precise mechanism of the effectiveness of TTS has been unclear.
According to Kojima et al. 7 , a series of reflexes from mouth opening to swallowing occur in patients with pseudobulbar palsy when the mucosa (K-point) near 12-16 (2015) the medial aspect of the most posterior region of the retromolar pad is stimulated on the affected side. In contrast, similar stimulation on the contralateral normal side provokes only a strange sensation, not the jaw opening 7 . Although Kojima et al. did not explain its mechanism in detail, we consider the mouth opening and swallowing induced by stimulating the K-point as follows: The area around the K-point in normal individuals is regulated by a certain type of inhibitory neural mechanism. Because this area is subject to repeated mechanical and thermal force in usual mastication, some inhibitory system protecting the frequent reflexive opening of the mouth is assumed to exist. In patients with pseudobulbar palsy with damage to the corticobulbar tract, such inhibition is no longer effective, allowing a relatively subtle stimulus to trigger the jaw opening reflex. Consequently, the K-point simulation method seems to utilize an ineffectiveness of inhibitory mechanism on the jaw opening, being raised in pathological condition.
Number of branches
Conclusion
From an anatomical viewpoint, the nerve which induces the jaw opening reflex appears to be the branches of the lingual nerve, namely the branches to isthmus of fauces.
